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ي هبه و ، توفيق سليمان سامح ر صن م ض م
ث قسم حو ة الب حي ص ة ال عي شعا إل ز ،ا رك م ث القومي ال و ح جيا لب و ول ع وتكن شعا إل طاقة هينة ، ا  ، الذرية ال
صر مدينة 29 .ب .ص صر جمهورية ،القاهرة ،ن ،العربية م

ص خ ل م ل ا

ى الدراسة تهدف ض العالجي التأثير تحديد ال ي إستر فنيثيل الكافيك لحم ت من التقليل ف صابا ال ا
ض عن الناجمة ر ن تع جرذا ض تم لالشعاعء ال جرذان تعري عة ال جر ي ٦ ل ما أشعة من جرا م ،جا د ث ع  30 ب

ة ت ،لثيئ ن حقن جرذا ض بمحلول ال حم ة ال ع ر ج ل إ0) ب و وم ر ك م /مي را ج و ن كيل ن م سم وز ج مدة ال  سبعة ل
ت تجميع تم (,متتالية أيام ت .التجربة بدء من فيوما 15و8 بعد العينا ض أن النتائج بين ر ن تع رذا ج ل ة ا شع  أل

شاط و الدهيد داي المالون مستوي في إحصائية زيادة سبب جاما ل ن و أوكسيديز الزانثين انزيمي من ك
ي ادينوزين ت كما .اميناز د ض بين حوظ انخفا ك أكسيد مستوي في مل ري ط و الئيت ا ت ش ما زي ن  الجلوتاثيون ا
وكسيبيز ك .الجرذان قلوب أنسجة في ديسميونجزواكاليز اوكسيد السوبر و أ جود النتائج بينت كذل دة و  زيا
صائية ح ط في إ شا ل ن ي من ك م زي ن ب ا ك القل الكتي ل سيد ا ز آ جينا رو هيد ن و بي رياتي ك اليز ال ت و فوسف رتا سب ا
ض ت و .الدم سيروم في اميناز الترا ظهر ت التي الجرذان ا ضع ل المبكر للعالج خ ر ط م قبل الحمحنى ب

ضها ما ألشعة تعري ضا جا خفا صائيا ن ح ي المالون مستوي في ا ي و ألدهيد دا م زي ن ن ا زانثي سيديز ال وك  و ،ا
ي أدينوزين دة و ،اميناز ل صائية زيا ح ي ا ل مستوي ف ي ديسميوتيز أوكسيد السوبر الئيتريك اكسيد ك  ف

ب نسيج ما ،الجرذان قلو م ك ت مستوي استعادة ت الجرذان مجموعة بنتائج مقارنتها عند القلب انزيما
ما ألشعة المعرضة صة .جا ض آن ;الخال ما ألشعة الجرذان تعر ت نقحن إلى يؤدي جا ألنزيما المانعة ا

ف للتأكسد ضع ت و ي الدهون وأكسدة ، الدفاع آليا ما .الدم وسيروم القلب عضلة ف بالحقن العالج ان ك
ضرار ضد الحماية يوفر الحمض بمحلول ض استعادة الي آدي و ، جاما أشعة تحدثها الذي التأكسد أ  و بع

ألخر البعدش حسن .الجرذان قلب لعضلة البيوكيميائية المعايير من ا
A bstrac t

The study designed to determine the therapeutic effeet of eaffeic acid 
phenethyl ester (CAPE) in minimising r^iaion-induced injuries in rats. Rats 
were exposed to 7 Gy y-rays, 30 minutes later; rats were injected with CAPE 
ر10) س ه ا / kg body, i.p.) for 7 consecutive days. Rats were sacrificed at 8 and ول 
days after starting the experiment, (^m a-irradiation induced significant 
increase in malondialdehyde (MDA) level and xanthine oxidase (XO) and
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aden©s؛ne deaminase (ADA) activities, and أ ا ا م،ت؛ا ج؛ة[آ؛ا  decrease in total 
nitrate/nitrite (NO(x)) level and glutathione peroxidise (GPx), superoxide 
dismutase (SOD) and catalase (CAT) activities in heart tissue and augmented 
activities of lactate dehydrogenase (LDH), creatine phosphokinase (CPK) and 
aspartate transaminase (AST) in serum. Irradiated rats early treated with CAPE 
showed significant decrease in MDA, xo and ADA and significant increase in 
NO(x) and SOD in heart tissue and in serum enzymes compared with irradiated 
group. Cardiac enzymes were restored. Conclusion: CAPE could exhibits curable 
effects on gamma irradiation -induced cardiac-oxidative impairment in rats. 
Keywords: Caffeic acidphenethyl ester, heart, y-rays, rats.

Cardiovascular disease and cancer are the two leading causes of 
morbidity and mortality worldwide . Amongst Hodgkin lymphoma 
patients who have received radiation, cardiovascular disease is of the 
most common causes of death* ر■

Since reactive oxygen species (ROS) is the major mediators for 
radiation induced damage،^, a treatment combining radiation with an 
antioxidant might provide a strategy for preventing radiation injury to 
normal tissues ؛ر .

CA?E is a biologically active ingredient of honeybee propopiis and 
known to have antioxidant, anti-inflammatory and immunomodulatory 
effects؛ *. In vivo study, pre-treatment of mice with CAPE before 
ionising-radiation resuited in prolongation of survival period ١. 
Therefore, the aim ofthe study was to establish the role o fy-rays-induced  
oxidative-stress in rats and to investigate the putative therapeutic effect 
of CA?E against radiation-induced cardiac oxidative-stress.

Materials and Methods
Animals, Chemicals and Radiation facility

Sixty four male Sprague-Dawley rats (age 9-10 weeks), weighing 
110-120 g, obtained from NCRRT were used in the experiment. Animals 
were kept under standard conditions and were allowed free access to diet 
and water ad. Libitum. CA?E (Sigma-Aldrich, St. Louis, USA) was 
injected i.p. to rats at doses of lOfimol/ kg body weight after dissolved in 
0.2 ml diluted ethanol (1% diluted ethanol in saline) once daily for 7 days 
as Oktem et al. ؛ر  recommended. Irradiation was performed with a 
Canadian gamma cell-40, (137-Cs) at the NCRRT, Nasr City, Cairo, 
Egypt. Animals were exposed to y-rays at a dose rate 0.44 Gy/ min.
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Animal groups and experimental procedures
Control group: Rats were injected with 0.2 ml vehicle i.p. once daily 

for 7 days. CAPE group: Rats received CAPE dosage i.p. once daily for 7 
days. Irradiation group (IR): Rats were exposed to a single dose of 7 Gy 
whole body y-rays, 30 minutes later, rats were injected i.p. with vehicle 
for 7 days. IR+ CAPE group: Rats were exposed to 7Gy y-rays, 30 
minutes later, rats were injected i.p. with CAPE daily for 7 days. In all 
groups, 8 rats were sacrificed after 24 h and another 8 rats were 
sacrificed after 7 days after the last treatment. After sacrificing, blood 
was collected and serum was separated. Hearts were ؟ uickly excised, 
washed with saline, homogenized in 50mM/L phosphate buffer (pH 7.4) 
and centrifuged at 800 g for 5 min to separate the debris.
Biochemical procedures in ٢٠* cardiac tissue and blood

Activities of CPK, LDH and AST were estimated according to the 
methods of Szasz et al.(8), Bergmeyer and Brent and Reitman and 
Frankel , respectively. In heart homogenate, the protein content was
determined ^ ، آording 0؛  the method of the Lowry et aI.(U). Levels of 
MDA and NO(x) were determined according to the methods of Buege 
and Aust* ١ and Miranda et al. ؛ ر , respectively. Activities of GPx, SOD, 
CAT, xo and ADA were measured according to the methods of Paglia 
and Valentine ؛ ١ , Minami and Yoshikawa *, Aebi( لأ Peajda and 
Weber̂؛  and Giuist؛؛؛^, respectively.
Statistical analysis

Results were presented as mean± S.D. of 8 rats. Significant 
differences between the groups were determined using one-way 
ANOVA^^, followed by Tuk^y-Kramer multiple comparison test. 
Statistical significance was considered at p< 0.05.
Resul t s

There were no significant differences in be^een CAPE-treated and 
control groups of all estimated biochemical parameters (Tables I, 2 & 3).

Gamma-irradiation (7 Gy) induced a significant increase in the MDA 
level compared to control group (P< 0.001) after 24 h, and non 
significant decrease in NO(x) levels at the 2 time intervals (Table I). In 
addition, there was a significant difference between the MDA level after 
24 h and 7 days in irradiation group only. Treatment of irradiated rats 
with CAPE induced significant decrease in MDA level and non- 
significant increase in NO(x) level compared to irradiated group (Table I).



TABLE ]. Cardiac tissue MDA and NO levels in y-irradiated rats treated
with CAPE.

Enzyme activity Control CAPE IR(7  Gy) IR+CAPE
MDA (nmol/g wet tissue)

a t2 4 h  
at 7 day

21.5±3.37
م3 ل9.6±3ا

2ه.4±3.ا9
19.1±3.27

29.8± 2.32“ 
23.3±2.13( )

21.5±3.08ء
19.0±2.12

NO (|umol/g wet tissue)
at 24 h 

at 7 day
ه25±ه.0ول .

0.024 0.25±  0.097 ±0.21قثة:ةةقة
0.21± 0.072

0.24± 0.081 
0.24± 0.072

CAPE= Caffeic acid phynthyl ester. 1R= radiation. <A), significantly different versus value 
at 8 day. *, Significantly different versus control group. , Significantly different versus 
CAPE group. , Significantly different versus IR-group.

Gamma-irradiation (7 Gy) induced a significant increase in the 
activities of serum LDH, CPK and AST compared to control group. 
Treatment with CAPE post-irradiation ameliorated the effect of radiation 
exposure. The enzyme activities became close to the normal control 
level. Although a significant protection was observed, LDH activity was 
still significantly higher than the control value (P< 0.05) (Table 2).
TABLE 2. Blood cardiac enzyme activities in y-irradiated rats treated with

CAPE.
Cardiac enzymes Control CAPE IR (7  Gy) IR+CAPE
LDH (U/ml)

at 24 h 
at 7 day

0.68± 0.031 
0.66± 0.042

0.67± 0.029 
0.67± 0.023

1.09± 0.063“ 
1.01± 0.034“ 0.69±0.051،()

CPK (U/ml)
at 24 h 

at 7 day
0.24± 0.013 
0.24± 0.018

0.24± 0.015 
0.24± 0.027

0.34±0.016a,b 
0.31± 0.011“

0.27± 0.019c

AST (U/ml)
at 24 h 

at 7 day
21.21±2.19
20.31±2.13

20.52±2.18
20.43±2.19

31.92±3.28“’b 
29.62± 4.25“

23.30±3.21c
21.52±2.17

Legends as in Table 1.
Gamma-irradiation (7 Gy) induced a significant decrease in the

activities of serum GPX, SOD and CAT and significant increase in xo 
and ADA activities in cardiac tissues compared to control group at the 2 
time intervals except for SOD at 7 day (Table 3). Administration of 
CAPE post-irradiation resulted in a significant increase in the activities 
of GPx, SOD and CAT compared to irradiated group after 24 h (Table 3) 
and significant decrease (P< 0.01) in the activities of x o  and ADA 
compared to irradiated group at the 2 time intervals (Tabic 3). The>' were



7 and ١، ficant diffidences between the enzyme activities after 24؛gn$؛ 
irradiated group only. ؛٨ days on GPx, SOD, X© and ADA activities

TABLE 3. Cardiac tissue antioxidant enzyme aetivities (GPx, SOD and 
CAT) as well as xo and ADA activities in ^irradiated rats treated
with CAPE.

Enzyme activity Control CAPE 1^ (7 Gy) IR+CAPE
GPx (U/g protein)

at 24 h
at 7 day

0.93± 0.163 
0.91± 0.152 0.90± 0.149

0.49± 0.088a,b 
0.69± 0.047a,b< ٠

0.79± 0.123' 
0.77± 0.136

SOD (جأآا/الprotein)
at 24 h 

at 7 day
0.19± 0.037 
0.19± 0.031

0.19± 0.036 
0.19± 0.034

0.11±0.021a,b
0.17±0.029(A)

0.17±n.niQ‘
0.18± 0.027

CAT (K/g protein)
at 24 h

at 7 day
0.18± 0.019 
0.18± 0.031

0.18± 0.043 
0.18± 0.051

0 .n ± 0 .0 i6 a,b
0.13±0.019a

0.16± 0.015° 
0.15± 0.037

XO (U/g protein)
at 24 (١

at 7 day
0.274 0.84± 
0.84د 0.292

0.84± 0.282 
0.84± 0.303

1.95±0.421a,b 
1.50±0.342a,b ٠

 1.11±0.125ء
0.216 0.99±

ADA (U/g protein)
at 24 h 

at 7 day
0.74±0.174
0.74±0.139

0.74±0.166
0.74±0.112

1.67±0.234a,b
1.12±0.173a,b()

0.88±0.135c 
0.76±0.122

.١ Table ؛٨ Legends as
Discussion

Cellular and tissue resistance against ionizing-radiation depends on 
many endogenous parameters, including anti-oxidant systems, and their 
capacity for adapt؛¥e response. In the present study we observed 
significant increase in level of MDA and non-significant decrease in 
NO(x) level (Table 1), significant increase in x o  and ADA activities and 
significant decrease in the activities of $٠ ٥ , CAT and GPx (Table 3) in 
cardiac tissues of y-irradiated rats. The decrease might be due to 
radiation-induced production of free radicals, which in turn can impair 
the antioxidant defense mechanism, leading to an increased membrane 
lipid peroxidation. Superoxide radicals are one of the major destructive 
oxidant induced by oxidative damage in the tissues *. The decreased 
level of GSH in y-irradiated mice may be due to their utilization by the 
enhanced product؛on ofROS^*. In agreement with our results, Park et al(21) 
recorded a significant depletion in the antioxidant system accompanied 
by enhancement of lipid peroxides after whole body gamma-irradiation.



Reactive oxygen and nitrogen species have been implicated in 
irradiated animal models* ر and nitric oxide (NO) is closefy related to the 
ROS level by its direct reaction with superoxide ؛ ر . GPx and CAT had
larger effects on the decline of ROS levels ٠١ and prevent the formation 
lipid peroxidation ؟*. Our results showed that whole body y-irradiation 
of rats at 7 Gy decreased formation of cardiac NO(x). Similar results 
have been reported by Baker et al. . This data suggests that NO might 
be indirectly involved in the recovery against radiation-damage. 
Treatment with CAPE has markedly modulated the oxidative damage 
induced by y-rays through its ability to restore GSH, NO(x) and MDA
levels-

CAPE treatment restored the activities of GPx, SOD and CAT in the 
IR+ CAPE group. The same oxidative trend was obtained by Motawi et 
al.(27) in attenuation of oxidative stress induced by hyperthyroidism and 
lipopolysaccharides in rats treated with CAPE. CAPE was reported to 
neutralize the toxicity of the hydroxyl radical, singlet oxygen and 
possibly, the superoxide anion2؛**. Ince et al. showed that CAPE 
stopped NO-consumption, diminished serum CPK and AST activities and 
also elevated SOD activity which is a potent protective-enzyme that can 
selectively scavenge superoxide radical (2م ~). Ihan et al. have 
demonstrated that low concentrations of polyphenolics can increase the 
activity of y-glutamyl cysteinyl synthetase and other GSH-linked 
detoxifying enzymes, whereby maintain the level of GSH during 
oxidative stress. Thus, it is possible that the interference of CAPE with 
free radicals generation is related to a decline of oxidative stress and 
conse؟ uently lipid peroxidation in irradiated rats.

ADA and x o  are important enzymes participating in purine- and 
DNA- metabolism. ADA can be accepted as the first enzyme in purine- 
base catalysis and x o  as the last one. Possible mechanism of ROS 
generation is due to the high activities of purine-catabolizing enzymes 
such as ADA and x o .  The mitochondrial membrane dysfunction 
diminishes ATP metabolism and leads to an increase in the production of 
purine degradation products such as adenosine, inosine, hypoxanthine, 
and xanthine, which are substrates for ADA and XO(3l). A^A converts 
adenosine to inosine and deoxyadenosine to deoxyinosine . Adenosine 
is known to be an important molecule in ietemic-conditions .



Gamma irradiation induced significant increase in ADA and x o  
activities.  has been suggested to be a ROS generating mechanism by أل
ionizing-radiation exposure as it was reported that, the xanthine 
oxidoreductase system is shifted towards xo in case of cellular and 
tissue damages by radiation؛ . The enhanced specific activity of XG 
may cause oxidative stress that contributes to the radiation damage. The 
high X© activity leads to over production of superoxide radicals, where 
xanthine oxidase depends on oxygen during its action؛ . The increased 
levels of peroxidative damage and the specific activity of LDH in the 
hearts of irradiated rats supported this possibility. The present study 
indicated increase in myocardial X© and ADA activities caused by y- 
radiation were significantly suppressed by CAPE. Administration of 
CAPE to rats seven days post-irradiation improved the recovery of the 
myocardial functions against ROS-attack induced by increased X©- 
activity and conse<^ently protected cardiac cells from irradiation 
damage. Yilmaz et ai.(36) have shown that ADA and X© activities in red 
blood cells were increased in isoniazide rats and CAPE prevented this 
increment at a statistically significant level. Soucy et al. ؛ ١  reported that, 
chronic X© inhibition protects endothelial function and reduces vascular 
stiffness by attenuating R©s production and enhancing endothelial NO 
bioavailability in rats exposed to whole body gamma radiation. This 
implies that xo is a critical target for vascular radiation injury.

Data shown that gamma irradiation caused a marked increase in 
serum levels of LDH, CPK and AST. These data agree with that reported 
in previous study, ^hich reported that IRR caused a significant increase 
in CPK and LDH^*؛. The excessive production of free radicals and lipid 
peroxides might have caused the leakage of cytosolic enzymes such as 
aminotransferases (AST and ALT), LDH, CPK and phosphatases؛ . 
Oxidative damage to the heart induced by irradiation may be one ofthe 
pathogenic factors of myocardial dysfunction . CAPE treatment 
significantly protected rats from gamma irradiation-induced elevated 
LDH, CPK and AST activities. The epidemiological study that relates the 
low incidence of heart diseases and the generous intake of food and
beverage-containing phenolic compounds strongly supports our 
fmding(41).
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